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(54) Phase detection drcurt and differential detection demodulator 



(57) A phase d^ection circut (400) for detecting a 
phase shift of an input signal relative to a phase refer- 
enced signal and for generating a relative phase signal 
includes: a half-period detection means (901) consist- 
ing of a delay element (401) and an exdusives OR ele- 
ment (402); a phase reference signal generation means 
(902) consisting of a nxtdulo 2N counter (403); and a 
phase shift measurement means (903) consisting of a 



pfiase inversion corrector (500) and a D flip-flop an'ay 
(404). A delay element (40) delays the relative phase 
signal by one symbol period and a subtractor (41) out- 
puts the phase difference signal representing the phase 
transition over each symbol period of the received sig- 
nal. A decisk)n circuit (42) obtains the demodulated 
data from the phase difference signal. 
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Description 

The present invention relates to a detection drcuit 
for detecting a phase shift of an input signal relative to a 
phase reference signal and to a dfferential detection s 
demodulator. 

In the folicwing. a differential detection demodulator 
using a phase detection drcurt ist described. A digital 
drfferential detection demodulator using a phase detec- 
tion drcuit rs disclosed, for example, in H. Tomita et al., 10 
"DIGITAL INTERMEDIATE FREQUENCY DEMODULA- 
TION TECHNIQUE", Paper B-299, 1990 Fall National 
Conference of tfie Institute of Electronics, Information 
and Communication Engineers of Japan. The differen- 
tial detection demodulator Is described by reference to 75 
drawings. 

Rg. 11 is a block diagram showing the structure of 
a digital differential detection demodulator provided with 
a phase detection drcuit Rrst, the received signal is 
supplied to a limrter amplifier 10. The output of the lim- 20 
iter amplifier 10 is coupled to a phase detection drcuit 
200 induding: a counter 201 counting in modulo K, 
where K is a positive integer; and a D f lip4lop array 202. 
The output of the phase detection drcurt 200 is coupled 
to: a delay element 40 having a delay time equcil to the 25 
one symbol period of the received signal; and a subtrac- 
ter 41 effecting subtraction in modulo 27l 

Next the operation of the drcuit of Fig. 11 Is 
described. The received signal, which Is a differential 
phase shift keying (DPSK) signal, is shaped by the lim- 30 
iter airplif ier 1 0 Into a rectangular waveform of constant 
amplitude. Namely, the llmiter amplifier 10 acts as a 
quantizer for effecting 2-level quantization upon the 
received signal. Thus, the received signal is quantized 
by the limrter amplifier 1 0 into a 2-level signal taking the 3S 
value either at the fogical "0" or logical "1 

The counter 201 of modulo K within the phase 
detection drcuit 200 supplied a dock signal having a 
frequency pratically equal to K times the frequency of 
tiie received signal. The output of the counter 201 is 40 
supplied to the D flip^lop array 202, which is driven by 
the 2-level quantized received signal output from the 
limiter amplifier 10. The output of the phase detection 
drcuit 200 represents the relative phase of tf>e 2-level 
quantized received signal with respect to a virtual phase 45 
reference signal. 

Next this is described by reference to wavefonn dia- 
grams. Rgs. 12 and 13 are timing charts showing the 
waveforms exemplifying the operation of the phase 
detection drcuit 200, where K= 1 6. In Rg. 1 2 are shown, so 
from top to bottom, tiie waveforms of: the dock supplied 
to the counter 201 ; the output of the counter 201 ; the vir- 
tual phase reference signal, which is obtained by demul- 
tiplying the cfock of the counter 201 by K (equal to 1 6 in 
this case); the 2-level quantized received signal; and the ss 
output of the Dflip^fop array 202. From top to txittom in 
Rg. 13 are shown the waveforms of: the dock for the 
counter 201; the output of the counter 201; the virtual 
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phase reference signal; the 2-level quantized received 
signal A, tiie phase of which is increasingly lagged; out- 
put A of D ft'q>flop array 202 corresponding to the 2- 
level quantized received signal A; tfie 2-level quantized 
received signal B, the phase of which is increasingly 
led; and the output B of the D flip^fop array 202 cone- 
sponding to tiie 2-level quantized received signal B. 

The virtual phase reference signal rises to logical 
T at the instant when the output of the counter 201 is 
reset to logfoal "0", arxJ falls to logical "0" at the instant 
when the output of the counter 201 reaches K/2 (equal 
to 8 in this case). If the period of the dock of tiie counter 
201 is represented by T and ttiat of the virtual phase ref- 
erence signal Tp then: 

tr = KT 

Thus, if the lengtii of time between the rising edges 
of tiie virtual phase reference signal and tiie 2-level 
quarrtized received signal represented by x, then the 
phase shift 9 of the 2-level quantized received signal rel- 
ative to the virtual phase reference signal is given by: 

<p = 2 jcx/Tr = 27CT/(KT). 

On the other hand, as seen from Rg. 12, the output 
of tiie counter 201 at the rising edge of the 2-level quan- 
tized received signal is equal to an integer obtained by 
dividing the time x by the period T of the dock of the 
counter 201 and tiien discarding the fractional parts of 
the quotient. 

The D flip-flop array 202 is driven at each rising 
edge of the 2-level quantized received signal to hoki the 
output of the counter 201 . Thus, the output of tiie D fh'p- 
ffop array 202 is equal to the integer ot>tained by divkl- 
ing the shift time x by tiie period T of the cfock of tiie 
counter 201 and then cfiscarding the fractional parts of 
the quotient resulting from the dvisfon. Namely, if the 
output of the D flip-flop array 202 is represented by ^, 
where ^ £ {0, 1 , K-1 }, then the following relation holds 
among ji, T and x: 

^^T/T<( n + 1 ). 

Thus, the folfowing relation hokis between the 
phase shift 9 of the 2-level quantized received signal rel- 
ative to the virtual phase reference signal and the output 
^ of the D flip-flop array 202: 

27c^l/K^9<2n(^ + 1)/K. 

This relation shows that the output of the D f lip^lop 
array 202 cn be regarded as the relative phase of the 2- 
level quantized received signal with respect to the vir- 
tual phase reference signal. 

Rg. 12 shows the case where the relative phase of 
the 2-level quantized received signal witti respect to tiie 
virtual phase reference signal is constant Thus, the out- 
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put of the D flip-flop array 202 remains at eight (8). On 
the other hand, Rg. 13 shows the case where the rela- 
tive phase signal of the 2-level quantized received sig- 
nal A is inaeasingly lagging and the relative phase 
signal of the 2-level quantized received signal B is 5 
increasingly leading. Thus, upon receiving the 2-level 
quantized received signal A. the output A of the D 
flop array 202 increases from seven (7) to nine (9). On 
the other hand, upon receiving the 2-level quantized 
received signal B, the output B of the D flip-flop array w 
202 decreases from nine (9) to seven (7). In either case, 
the output of the D flip^lop array 202 varies in propor- 
tion to the variation of the relative phase of the 2-level 
quantized received signal with respect to the virtual 
phase reference signal. 15 

The output of the phase detection circuit 200 sup- 
plied to the subtractor 41 and the delay element 40. At 
the delay element 40 the relative phase signal is 
delayed by one symbol period of the received signal and 
then is siqaplied to the subtractor 41 . The subtractor 41 20 
subtracts, in modulo 2n, the output of the D flip^lop 
array 202 from the output of the phase detection drcurt 
200. and thereby obtains the phase difference signal. 
The decision circuit 42 obtains the denrxxJulated data on 
the basis of the predetermined correspondence rela- 25 
tionship between the phase cfifference signal and the 
demodulated data. 

The phase detection circuit of Fig. 1 1 has the fol- 
lowing disadvantage. The D f Bp-flop array 202 is driven 
only at the r^ing edges of the 2-level quantized received 30 
signal. Thus, the relative phase signal output from the 
phase detection circuit is updated only at each full 
period of the 2-level quantized received signal. In princi- 
ple, however, the value of the relative phase of the 2- 
level quantized received signal can be ^xlated two 3S 
times for each period of the 2-level quantized received 
signal. Namely, the phase detection circuit of Rg. 1 1 
has the disadvantage that the rate at which the relative 
phase signal is updated is low. 

It is, therefore, the object of the present invention to 40 
shorten the update period of the known phase detection 
circuit. 

This object according to the present invention is 
solved by the features of claims 1 and 7, respectively. 
Preferred embodinrrents of tiie phase detection circuit 45 
and the differential detection demodulator, respectively, 
in compliance with this invention are defined in the 
respective subclaims. 

The phase detection circuit according to this inven- 
tion for detecting a phase shift of an input signal relative so 
to a phase reference signal, corrprises: half-period 
detection meansforgen^ting, in response to the input 
signal, a half-period detection signal at each half-period 
of the input signal; phase reference signal generation 
means for generating the phase reference signal in ss 
response to a clock signal having a frequency not less 
than twice a frequency of the input signal; and phase 
shift measurement means, coi4}led to the half-period 



detection means and phase reference signal generation 
means and including phase inversion correction means 
for correcting the phase reference sigani for a phase 
inversion thereof at each alternate half-period of the 
input signal, the phase shift measurement means 
measuring and outputting a phase shift of the input sig- 
nal with respect to tiie phase reference signal at each 
half-period of the input signal, on the basis of the phase 
reference signal corrected by the phase inversion cor- 
rection means and the half-period detection signal out- 
put from the half-period detection means. 

Preferably, tiie half-period detection means 
includes: a delay element for delaying the input signal 
by a delay time shorter than the half-period of tiie input 
signal; and a first exclusive OR element for generating a 
logical exclusive OR of the input signal and an output of 
the delay elemerrt; the phase reference signal genera- 
tion means includes a counter for counting in nrxxJufo 
2N a clock signal having a frequency practically equal to 
2N times tiie frequency of the input signal, where N is a 
positive integer; the phase inversion correction means 
adds a numerical value "0" or "N" in nxxiulo 2N to an 
output of the counter in response to the output of the 
delay element in the half-period detected; and the 
phase shift measurem^ means includes, in addition to 
the phase inversion correction means, a D flip-flop array 
coupled to the phase inversion correction means and 
the first exclusive OR element, the D flip-flop array field- 
ing an output of the phase inversion conection means in 
response to the logical exclusive OR output of the exclu- 
sive OR element, wherein a value field in the D flip-flop 
array constitutes an output of tiie phase shift measure- 
ment means. > 

Further, the phase inversion correction means may 
include: a multiplier coupled to the delay element, for 
multiplying the output of tiie delay element tiy N; and an 
adder coupled to the counter and the multiplier, for add- 
ing an output of the multiplier to the output of the coun- 
ter in modulo 2N. 

Alternatively, the phase inversion correctfon means 
may include: a data selector coupled to the delay ele- 
ment, for selecting a numerical value "0" when the out- 
put of the delay element is a logical "0". and a numerical 
value "1 " when the output of the delay element is at log- 
ical T; and an adder coupled to the counter and the 
data selector, for adding an output of the data selector 
to the output of the counter in modulo 2N. 

Still alternatively, the phase inversion correction 
means may include: logical product elements coupled 
to the delay element, for generating logical products of 
the output of the delay element and respective bits of a 
numerical value "N"; and an adder coupled to tiie coun- 
ter and the logical product elements, for adcfing outputs 
of the logical product elements with the output of the 
counter in nxxJulo 2N. 

Preferat>ly, the counter counts a clock signal having 
a frequency practically equalto 2^ times tiie frequency 
of the input signal, where M is a positive integer; and the 
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phase inversion corrector means Includes a second 

exclusive OR elenrmnt coupled to the output of the delay 

element and a most significant bit of the output of the 

counter, the second exclusive OR element generating a pig. 2 

logical exclusive OR of the output of the delay element 5 

and the mo^ significant t}it of the output of the counter. 

wherein an output of the phase inversion corrector 

means consists of a combination of least significant bits 

of the output of the modulo 2N counter and the lo^cal pig. 3 

exclusive OR output of the second exclusive OR ele- w 

ment. 

Accading to an afternative aspect of this invention, 
the differential detection demodulator for denxxiulating 
a 2-level quantized received signal using a phiase refer- 
ence signal having a fixed frequency practically equal to is 
a frequency of the received signal, the differential detec- Rg. 4 
tion demodulator comprises: half-period detection 
means ibr generating, in response to the received sig- 
nal, a half-period detection signal at each half-period of 
the received signal; phase reference signal generation 20 
means for generating the phase reference signal in 
response to a dock signal having a frequency not less 
than twice the frequency of the received signal; phase 
shift measurement means, coupled to the half-period Rg. 5 
detection means and phase reference signal generation 2s 
means and including phase inversion correction means 
for correcting the phase reference signal for a phase 
irrversion thereof at each alternate half-period of the 
received signal, the phase shift measurennent means 
outputb'ng a relative phase signal representing a relative 30 Rg. 6 
phase of the received signal with respect to the phase 
reference signal at each half-period of the received sig- 
nal, on the basis of the phase reference signal corrected 
by the phase inversion confection means and the half- 
period detection signal output from the half-period 35 
detection means; a delay element coupled to the phase Rg. 7 
shift determiner means, for delaying the relative phase 
signal output from the phase shift measurement means 
by one synnbol period of the received signal; and a sub- 
tractor coupled to the phase shift measurement means 40 
and the delay element, for subtacting an output of the 
delay element from the relative phase signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

The features which are believed to be characteristic Rg. 8 
of this invention are set forth with particularity In the 
appended claims. The structure and method of opera- 
tion of this invention itself, however, will be t>est under- 
stood from the following detailed description, taken In so 
conjunction with the accompanying drawings. In which: 

Rg. 1 is a block diagram of a differential detection 

denxxiulator provided with a phase detec- Rg. 9 
tion arcuit according to this Invention, by ss 
which the value of the relative phase of the 
2-level quantized received signal with 
respect to the virtual phase reference signal 
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can be ifxtated two times for each period of 
the 2-tevel quantized received signal; 

is a timing chart showing waveforms exem- 
plifying the operation of the delay element 
401 and the exclusive OR element 402 of 

Rg- 2: 

1st a timing chart exemplifying the wave- 
forms of the output of the modub 2N coun- 
ter 403, the virtual phase reference signal, 
the 2-level quantized received signal, and 
the differential pulse signal of Rg. 1, in the 
case where N = 8; 

Is a timing chart showing the wave-forms 
exenrplifying ttie operation of the phase 
detection circuit 400 of Fig. 1 . where N = 8 
(2N = 16) and where the relative phase of 
the 2-level quantized received signal with 
respect to the virtual phase reference signal 
remains constant; 

is a view similar to that of Rg. 4. txjt shewing 
the case where the relative phase of the 2- 
le^el quantized received signal with respect 
to the virtual phase reference signal lags 
Increasingly; 

is a view similar to that of Rg. 4. but showing 
the case where the relative phase of the 2- 
level quantized received signal with respect 
to the virtual phase reference signal leads 
increasingly; 

is a block diagram of another differential 
detection denrxxiulator provkled with a 
phase detection circuit according to this 
Invention, by which the value of the relative 
phase of the 2-level quantized received sig- 
nal with respect to the virtual phase refer- 
ence signal can be updated two times for 
each period of the 2-level quantized 
received signal; 

is a timing chart showing the wavefonms 
exemplifying the operation of the phase 
detection drcuit 400a of Rg. 7. where M = 4 
(2^ =16) arKi where the relative phase of 
the 2-level quantized received signal with 
respect to the virtual phase reference signal 
remains constant; 

is a view similar to tiiat of Rg. 8. but showing 
the case where the relative pfiase of the 2- 
le/el quantized received signal with respect 
to the virtual phase reference signal lags 
increasingly; 
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Rg. 1 0 is a view similar to that Cff Fig. 8, but showing 
the case where the relative phase of the 2- 
level quantized received signal with respect 
to the virtual phase reference signal leads 
increasingly; 5 

Rg. 11 is a block diagram showing the structure of 
a conventional digital differential detection 
denxxJulator provided with a phase detec- 
tion circuit; 

Rg. 12 is a timing chart showing wavefornis exem- 
plifying the operation of phase detection cir- 
cuit of Rg. 1 1 in the case where the relative 
phase of the received signal with respect to 
the virtual phase reference signal remains 
constant; and 

Rg. 13 is a timing chart showing waveforms exem- 
plifying the operation of a phase detection 
circuit of Rg. 1 1 , in the case where the rela- 
tive phase of the received signal with 
respect to the virtual phase reference signal 
varies. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODir^ENTS 

Referring now to the accompanying drawings, the 
preferred embodiments of this invention are described. 

Fig. 1 is a block diagram of a differential detection 
derrxxlulator provided with a phase detection circuit 
according to this invention, by which the value of the rel- 
ative phase of the 2-level quantized received signal with 
respect to the virtual phase reference signal can be 
updated two times lor each period of the 2-level quan- 
tized received signal. The output of limiter amplifier 1 0 is 
coii9>led to a phase detection circuit 400 which includes: 
a delay element 401 and an exclusive OR element 402 
coupled to the limiter amplifier 10; a nwdulo 2N counter 
403 for counting in nrxxiulo 2N, where N is a positive 
integer; a D flip-flop array 404; and a phase inversion 
corrector 500. The phase inversion con'ector 500 
includes: a multiplier 501 and an adder 502 for effecting 
addition in modulo 2N. 

Functionally, the phase detection circuit 400 is 
divided into a half-period detection nneans 901 , a phase 
reference signal generation means 902 and a phase 
shift measurement means 903. The half-period detec- 
tion means 901 consists of tiie delay element 401 and 
the exclusive OR element 402. UFX>n receiving the 2- 
level quantized received signal from the limiter amplifier 
10, the hatf-period detector means 901 outputs a half- 
period detection signal at each half-period of the 
received signal. TTie phase reference signal generation 
means 902 consists of the modulo 2N counter 403. On 
the basis of a dock signal having a frequency not less 
than twice the frequency of the input signal, the phase 



reference signal generation means 902 generates the 
phase reference signal serving as the reference for 
measuring the phase shift of the 2-level quantized 
received signal. A phase shift measin-ement means 903 
consists of the D f I'p^lop array 404 and the phase inver- 
sion corrector 500. The phase inversion con^ector 500 
corrects the phase inversion of the phase reference sig- 
nal at each hatf-period of the received signal. On the 
basis of the corrected phase reference signal arxl ttie 
half-period detection signal output from the half-period 
detection means 901, the phase shift measurement 
means 903 determines and outputs the phase shift of 
tiie 2-level quantized received signal relative to the 
phase reference signal at each half-period of the 
received signal. 

The delay element 40, subtractor 41, and the deci- 
sion circuit 42 are similar to those described atxyva 

Neict, the operation of the drcurt of Rg. 1 is 
described in detail. In Rg. 1, the limiter anrplifier 10 
shapes the received signal into a rectangular wave-form 
of a constant annplitude. Namely, the limiter anrplifier 10 
acts as a 2-level quantizer for subjecting the received 
signal to the 2-level quantization, such that the output of 
the limiter amplifier 1 0 is quantized to logical t)** and "1 ". 

The 2-level quantized received signal output from 
the limiter amplifier 1 0 is supplied to the phase detection 
drcuit 400, where it is first input to the delay element 
401 . The delay time of the delay element 401 is shorter 
than the half-period of the 2-level quantized received 
signal. The delayed received signal output from the 
delay element 401 is supplied to the exclusive OR ele- 
nrtent 402, together with the 2-level quantized received 
signal output from tfie limiter amplifier 1 0. The exdusive 
OR element 402 effects the logical exdusive OR opera- 
tion upon the outputs of the limiter amplifier 10 and the 
delay element 401 . Thus, the output of the exdusive OR 
element 402 is a pulse signal (referred to as the differ- 
ential pulse signaQ which rises (i.e.. has rising edges) at 
the rising and the falling edges of the 2-level quantized 
received signal. Next, this is described by reference to 
drawings. 

Rg. 2 is a timing chart showing waveforms exerrpli- 
fying the operation of the delay element 401 and the 
exclusive OR element 402 of Rg. 1 . From top to bottom 
in Rg. 2 are shown tiie waveforms of: the 2-level quan- 
tized received signal; the output of the delay element 
401 ; and the output of the exdusive OR element 402 
(the differential pulse signal). As shown in Rg. 2, the 
delay time of the delay element 401. namely the time 
length by which the 2-level quantized received signal is 
delayed, is shorter ttian the half-period of the 2-level 
quantized received signal. Thus, the differential pulse 
signal output from the exdusive OR element 402 rises 
(i.e., has the rising edges) at the rising and tiie falling 
edges of the 2-level quantized received signal. 

On the (Aher hand, the nxxiub 2N counter 403 is 
driven by a dock signal having a frequency practically 
equal to 2N times tiie frequency of the 2-level quantized 
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received signal. If a virtual phase reference signal slnni- 
lar to that of Rg. 1 1 is assumed which Is obtained by 
demultiptying the dock signal of the modulo 2N counter 
403 by 2N, the virtual phase reference signal rises (l.e., 
has the rising edge) at the instant when the output of the 
modulo 2N counter 403 is reset to "0". and falls (i e., has 
the ^ling edge) at the Instant when the output of the 
modulo 2N counter 403 reaches N. The output of the 
modulo 2N counter 403 represents the phase of this vir- 
tual phase reference signal. Namely, if the output of the 
PfKxiulo 2N counter 403 at the time when the phase of 
the virtual phase reference signal Is 0 Is represented by 
a (a € {0. 1 . .... 2N - 1}), then the following relation holds 
between e and a: 

7ia/N^e<ic(a + 1)/N 

TTius, the output of the modulo 2N counter 403 at 
each rising edge of the differential pulse signal output 
from the exdusive OR element 402 represents the 
phase of the virtual phase reference signal at the rising 
or the falling edge of the 2-level quantized received sig- 
nal. However, the absolute phase of the 2-level quan- 
tized received signal at the falling edge is equal to k. 
Thus, if the output of the modulo 2N courrter 403 at the 
falling edge of the 2-level quantized received signal is 
connected by numerical value "N" corresporxJing to the 
phase n, then the relative phase of the 2-level quantized 
received signal with respect to the virtual phase refer- 
ence signal at the falling edge of the 2-level quantized 
received signal can be obtained. Next, this Is descrit>ed 
by reference to drawings. 

Rg. 3 is a timing cfiart exemplifying the waveforms 
of the output of the modulo 2N counter 403, the virtual 
phase reference signal, the 2-level quantized received 
signal, arxi the differential pulse signal of Rg. 1, in the 
case where N = 8. From top to bottom are shown the 
waveforms of: the dock signal for the nxxiulo 2N coun- 
ter 403; the output of the nxxiulo 2N counter 403; the 
virtual phase reference signal; the 2-level quantized 
received signal; the delayed received signal (output of 
the delay element 401); and the differential pulse signal 
(output of the exdusive OR element 402). The nxxiulo 
2N counter 403 counts the dock signal in nxxiulo 2N = 
16. 

Let the periods of the dock signal of the modulo 2N 
counter 403 and the virtual phase reference signal be 
represented by T and respectively. Then: 

T, = 2N • T. 

Thus, if the time length between the rising or the 
felling edges of the virtual phase reference signal and 
the 2-level quantized received signal is represented by 
X, the phase shift 9 of the 2-level quantized received sig- 
nal relative to the virtual phase reference signal Is given 
by: 



9 = 27c • x/Tr = Tcx/(N -T). 

Further, let the output of the modulo 2N counter 403 
at a rising edge of the 2-level quantized received signal 

5 be represented by Pi, where Pi c {0, 1 2N - 1). Then 

Pi is equal to an integer obtained by first normalizing 
(i.e.. dividing) the time x, between the rising edges of the 
virtual phase reference signal and teh 2-level quantized 
received signal, by the period T of the modulo 2N coun- 

10 ter 403 and then discardirtg the fractional part of the 
quotient resulting from the division. Namely, the follow- 
ing relation holds among Pt, T and x: 

Pi ^x/T<(Pi + 1). 

IS 

On the other hand, the output of tf^e nxxiulo 2N 
counter 403 at the falling edge of the virtual phase refer- 
ence signal Is equal to "N" (= 8 in the case of Rg. 3) cor- 
resporxJing to the phase u. Let the output of the nxxiulo 
20 2N counter 403 at a falling edge of the 2-level quantized 
received signal be represented by P2. where P2 e {0, 1, 
... , 2N - 1). Then P2 Is equal to an integer obtained by: 
first normalizing (I.e., dividing) the time x between teh 
falling edges of the virtual phase reference signal arxi 
25 the 2-level quantized received signal by the period T of 
the nrxxiuk) 2N counter 403; then discarding the frac- 
tional part of the quotient resulting from the division; and 
finally subtracting numerical value "N" to tfie quotient. 
Thus, the following relation holds anx)ng P2. T and x: 

30 

(P2-N)^x/T<(P2-N + 1). 

The subtraction In the above equation is In nxxiulo 
2N. Subtracting "N" in nxxiulo 2N, however. Is equiva- 
35 lent to adding "N" in nxxiulo 2N. Thus the atxive equa- 
tion is equivalent to: 

(p2 + rs0^x/T<(p2 + N + 1). 

40 From the above discussion, it has been shown that 
the following relations hold anx^ng the output of the 
nxxiulo 2N counter 403, p^ and P2, and the phase shift 
<p of the 2-level quantized rec^ved signal: 

45 pi /N^9<7c(Pi +1)/N 

7c {p2 + N) ^ q>< (p2 + N + 1)/N. 

These relatioris show that the output p^ of the mod- 
50 ulo 2N counter 403 at the rising edge of the 2-level 
quantized received signal and the value obtained by 
adding numerical value '^N*' in nrxxiuk) 2N to th output P2 
of the nxxiulo 2N counter 403 at the falling edge of the 
2-level quantized received signal can be regarded as 
55 representing the relative phase of the 2-level quantized 
received signal with respect to the virtual phase refer- 
ence signal. In other words, the relative phase of teh 2- 
level quantized received signal can be obtained by cor- 
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reeling theh output of the modulo 2N counter 403. i.e.. 
by adding the numerical value "0" at the rising edge, and 
the numerical value "N" at the falling edge, of the 2-level 
quantized received signal. 

The phase inversion corrector 500 effects this cor- 
rection for the output of the modulo 2N counter 403. 
Namely, upon receiving the output of the modulo 2N 
counter 403, the phase inversion corrector 500 adds to 
it the numerical value "0" at the rising edge, and the 
numerical value l^" at the falling edge, of the 2-level 
quantized received signal. Next, the operation of the 
phase inversion corrector 500 is described by reference 
to drawings. 

Fig. 4 is a timing chart showing the waveforms 
exemplifying the operation of the phase detection circuit 
400 of Rg. 1. where N = 8 (2N = 16) and where the rel- 
ative phase of the 2-level quantized received signal with 
respect to the virtual phase reference signal remains 
constant Fig. 5 is a view similar to that of Rg.4, but 
showing the case where the relative phase of the 2-f evel 
quantized received signal with respect to the virtual 
phase reference signal lags inaeasing^y. Rg. 6 is a view 
similar to that of Rg. 4, but showing the case where the 
relative phase of the 2-level quantized received signal 
with respect to the virtual phase reference signal leads 
increasingly. From top to bottom in the figures are 
shown the waveforms of: the dock signal for the modulo 
2N counter 403; the output of the modulo 2N counter 
403; the virtual phase reference signal; the 2-level 
quantized received signal; the delayed received signal 
(output of the delay element 401); the differential pulse 
signal (output of the exclusive OR element 402); the 
output of the multiplier 501 ; the output of the adder 502; 
and the output of tf^ D flip-flop array 404. 

As shown in these figures, the value of the delayed 
received signal output from the delay element 401 is at 
logical "O" at the rising edge, and at logical "1 ** at the fall- 
ioQ edge, of the 2-level quantized received signal. TTie 
nfHJttiplier 501 multiplies output of the delay element 401 
by N, thereby outputting the numerical value "0" at the 
rising edge. arxJ the numerical value "N" at the falling 
edge, of the 2-level quantized received signal. The 
adder 502 adds in modulo 2N the outputs of the modulo 
2N counter 403 and the multiplier 501, thereby obtain- 
ing the output of the phase inversion connector 500. The 
output of the phase inversion corrector 500 is equal to 
the output of the modulo 2N counter 403 at the rising 
edge of teh 2-level quantized received signal. The out- 
put of the phase inversion corrector 500 is equal to the 
value obtained by adding in nxxJulo 2N the numerical 
value "N" to the output of the nrxxiulo 2N counter 403, at 
the falling edge of the 2-tevel quantized received signal. 

The output of the phase inversion conrector 500 is 
supplied to the D f lq>fk>p array 404, which is driven by 
the cfifferential pulse si^al output from the exclusive 
OR element 402. As descrbed atx)ve, the differential 
pulse signal has rising edges at the rising and falling 
edges of the 2-level quantized received signal. Thus. 



the D f lip4lop array 404 is driven at each rising and fall- 
ing edge of the 2-level quantized received signal. Thus, 
if the output of the D flip-flop array 404 is represented by 
^. then \i Is expressed in terms of the output values 
5 and p2 of the nrxxiulo 2N counter 403 at the rising and 
the falling edges, respectively: 

10 ^i = p2 + N 

Thus, the following relation holds between the 
phiase shift 9 of the 2-level quantized received signal 
with respect to the virtual phase reference signal and 
IS the output ^ of the D flip^lop array 404: 

n ^/N^q) <?c (^4-1 )/N 

This relation shows that the output ^ of the D flip- 

20 flop array 404 can be regarded as representing the rel- 
ative phase of the 2-level quarrtized received signal with 
respect to the virtual phase reference signal. This can 
be easily understood by reference to Rgs. 4 through 6. 
It is noted that in the case of the circuit of Fig. 11, 

25 the output of the D fOp-flop anray 202 representing the 
relative phase of the 2-level quantized received signal is 
updated only once for each period of the 2-level quan- 
tized received signal. In the case of the circuit of Rg. 1 , 
however, the D flip-flop array 404 is driven by the differ- 

30 ential pulse signal at the rising and the falling edges of 
the 2-level quantized received signal. Thus, the output 
of the D flip-flop array 404 represerrting the relative 
phase of the 2-level quantized received signal is 
updated twice for each period of the 2-level quantized 

35 received si^ial. The updating rate of the relative phase 
signal is thereby dout>led. This can be easily compre- 
hended by connparing Rg. 4 with Rg. 12 and Rgs. 5 arxi 
6withRg. 13. 

Namely, the 2-level quantized received signal A of 

40 Rg. 13 and the 2-level quantized received signal of Rg. 
5 are the same.The output A of the D f lip4lop array 202 
in Rg. 13 varies from to "9". while the output of the 0 
f Dp^lop array 404 in Rg. 5 varies gradually from "7" to 
"8" to "9". Similariy, the 2-level quantized received signal 

45 B of Rg. 13 and teh 2-level quantized received signal of 
Rg. 6 are ttie same. The output B of the D f l^lop array 
202 in Rg. 13 varies from to "T", while the output of 
the D flip4lop anray 404 in Rg. 6 varies gradually from 
"9" to "S" to "7". The updating rate of the relative phase 

50 signal \s doubled for the circuit of Rg. 1 , and hence the 
variation of the value of the relative phase signal is ren- 
dered less abrupt. 

The operations of the delay element 40, the sut>- 
tractor 41, and the decision circuit 42 are similar to 

55 those of the corresponding parts described akx)ve. 

In Rg. 1 , the phase inversion corrector 500 consists 
of the multiplier 501 and the adder 502. However, the 
element corresponding to the multiplier 501 may be 
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implemerTted by any drcuit which outputs numerical 
value "0" upon receiving numerical value "0", arxi 
numerical value "N" upon receiving numerical value "1". 
Such element may be Implemented by a data selector 
which selects and outputs numerical value "0" upon 
receiving numerical value "0". and numerical value *'N" 
upon receiving numerical value T. Alternatively, the 
phase inversion corrector 500 may consist of logcal 
product elements (AND gates) for effecting logical prod- 
uct operations (AND operations) upon the respective 
bits of the numerical value "N" and the output of the 
delay element 401. 

The above description relates to the case where the 
received signal is modulated in accordance with the dif- 
ferential phase shift keying (DPSK). This invention, 
however, can also be applied to MSK or GMSK modula- 
tion systems. Further, in the case of the above embodi- 
ment, the constant N sending as the operation 
parameter of the phase detection circuit 400 Is equal to 
8 (N - 8). hicwever, the constant N may be any positive 
integer. For example, N may be N = 16 or N = 32. 

Rg. 7 is a block dia^m of another differential 
detection demodulator provided with a phase detection 
circuit according to this invention, by which the value of 
the relative phase of the 2-level quantized received sig- 
nal with respect to the virtual phase reference signal 
can be updated two times for each period of the 2-level 
quantized received signal. In Fig. 7, the phase detection 
droflt 400a is functionally divided into: a half-penod 
detection means 901 consisting of the delay elentent 
401 and the exclusive OR element 402; a phase refer- 
ence signal generation means 902 consisting of the 
modulo 2^ counter 403a, where M is a positive integer; 
and a phase shift measurement means 903 consisting 
of the D flip-flop array 404a and a phase inversion cor- 
rector 500a. The phase inversion corrector 500a con- 
sists of an exdusfve OR element 503 having Inputs 
coupled to the output of the delay element 401 and the 
most significant bit (MSB) of the output of the modulo 
2^ counter 403a. The combinatk>n of the least signifi- 
cant bits (namely the first through (M - 1)th bit of the 
modulo 2^ counter 403a) and the output of the exclu- 
sive OR element 503 is input to the D flip-ftop array 
404a. 

Othenwse the circuit of Fig. 7 is similar to the circuit 
ofRg.l. 

Next the operation of the circuit of Rg. 7 Is 
desaibed in detail. In Rg. 7, the limiter amplifier 10 
shapes the received signal into a rectangular waveform 
of a constant amplitude. Namely, the limiter amplifier 10 
acts as a 2-level quantizer for subjecting the received 
signal to the 2-level quantization, such that the output of 
the limiter amplifier 10 is quantized to k>gical "0" and "1 

The 2-level quantized received signal output from 
the limiter amplifier 1 0 is supplied to the phase detection 
circuit 400a. where it is first ir^ut to the delay element 
401 and the exclusive OR element 402. The delay time 
of the delay element 401 is shorter than the half-period 
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of the 2-level quantized received signal. The delayed 
received signal output from the delay element 401 is 
supplied to the exclusive OR element 402. The exclu- 
sive OR element 402 effects the togical exclusive OR 

5 operation upon the outputs of the linrvter amplifier 10 
and the delay element 401. Thus, the output of the 
exclusive OR element 402 is a pulse signal (referred to 
as the differential pulse signaQ which rises (i.e., has ris- 
ing edges) at the rising and the falling edges of the 2- 

10 level quantized received signal. 

The modulo 2*^ counter 403a is driven by a dock 
signal having a frequency practically equal to 2^ times 
the frequency of the 2-level quantized received signal, 
where M is a positive integer. If a virtual phase refer- 

15 ence signal similar to that of Rg. 9 is assumed which is 
obtained by demultiplying the dock signal of the modulo 
2^ counter 403a by 2^. the virtual phase reference sig- 
nal rises (l.e., has the rising edge) at the instant when 
the output of the modulo 2^ counter 403a is reset to "0". 

20 and falls (i-e.> has the falling edge) at the instarrt when 
the output of the modulo 2"^ counter 403a reaches 2^^ . 
The output of the moduk> 2^ counter 403a represents 
the phase of this virtual pfiase reference signal, tslamely. 
if the output of the modulo 2^ counter 403a at the time 

26 when the phase of the virtual phase reference signal is 
e is represented by a (a e {0, 1 2^-1}), then the fol- 
lowing relation holds between e and a: 

2na/2'^^e<27i(a + 1)/2'^. 

30 

Thus, the output of the modulo 2^ counter 403a at 
each rising edge of the differential pulse signal output 
from the exdusive OR element 402 represents the 
phase of the virtual phase reference signal at the rising 

35 or the falling edge of the 2-level quantized received sig- 
nal. However, the at>solute phase of the 2-level quan- 
tized received signal at the falling edge is equal to ic. 
Thus, if the output of the modulo 2^ counter 403a at tiie 
falling edge of the 2-level quantized received signal is 

40 corrected by numerical value "2^'*'* corresponding to 
the phase jc, then the relative phase of the 2-level quan- 
tized received signal with respect to the virtual phase 
reference signal at the falling edge of the 2-level quan- 
tized received signal can be obtained. 

45 The phase inversion corrector 500a effects this cor- 
rection for the output of the modulo 2^ counter 403a. 
hJamely. upon receiving the output of the nxxfulo 2*^ 
counter 403a, the phase inversion corrector 500a adds 
to it the numerical value **0'' at the rising edge, and the 

50 numerical value '2^^" at the falling edge, of the 2-level 
quantized received signal. Next the operation of the 
phase inversion corrector 500a is desait>ed by refer- 
ence to drawings. 

Fg. 8 is a timing chart showing the waveforms 

55 exemplifying the operation of the phase detection drcuit 
400a of Rg. 7, where M = 4 (2^ = 16) and where the rel- 
ative phase of the 2-level quantized received signal with 
respect to the virtual phase reference signal remains 
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constant Rg. 9 ^ a view similar to that of Fig. 8, txit 
showing the case where the relative phase of the 2-leve1 
quantized received signal with respect to the virtual 
phase reference signal lags increasingly. Rg. 10 is a 
view similar to that of Rg. 8, but showing the case where 5 
the relative phase of the 2-level quantized received sig- 
nal with respect to the virtual phase reference signal Is 
increasingly led. Rom top to bottom in the respective 
figures are shown the waveforms of: the clock signal for 
the moduto 2^ counter 403a; the output of the modulo 
2^ counter 403a; the MSB or the most significant bit 
(the Mth bit) of the modulo 2*^ counter 403a; the 2-level 
quantized received signal; the delayed received signal 
(output of the delay element 401); the differential pulse 
signal (output of the exclusive OR element 402); the 
output of the exclusive OR element 503; the LSBs or the 
least significant bits (the first through (M - 1)th bits) of 
the modulo 2^ counter 403a; the output of the phase 
inversion corrector 500a (the combination of the least 
significant bits of the modulo 2^ counter 403a and the 
output of the exclusive OR element 503; and the output 
of the D flip-flop anay 404a. The numbers at the wave- 
forms of the nxxfulo 2^ counter 403a, the least signifi- 
cant bits of tfie 403a, the phase inversion corrector 
500a, and the D flip^lop array 404a represent the val- 
ues thereof at respective instants. 

The output of the nxxiulo 2^ counter 403a consists 
of M bits. The most significant bit of the modulo 2^ 
counter 403a represents the numerical value 2^^ 
Thus, adding the numerical value 2'^^ to the output of 
teh rrxx&jlo ^ counter 403a in modulo 2^ is equivalent 
to logical inversion of the most significant bit of the nrxxj- 
ulo 2*^ counter 403a. Thus, adding numerical value D" 
and "2^"'", respectively, to the output of the modulo 2"^ 
counter 403a at the rising arxf the falling edges of the 2- 
lek^el quantized received signal results in effecting no 
logical inversion at the rising edge, and the logical inver- 
sion at the falling edge, of the 2-level quantized received 
signal, upon the nK)st significant bit of the modulo 2^ 
counter 403a. 

As shown in Rgs. 8 through 10, the value of the 
delayed received signal output from the delay element 
401 is at logical "0" at the rising edge, and at logical "1" 
at the felling edge, of the 2-letfel quantized received sig- 
nal. The exclusive OR element 503 effects the logical 
exclusive OR operation upon the delayed received 
sigani output from the delay element 401 and the nrK>st 
significant bit of the output from the modulo 2^ counter 
403a. The output of the 503 is combined as the new 
most significant bit with the least significant bits (the first 
through (M-.l)th bits) of the modulo 2*^ counter 403a, to 
form the output of the phase inversion corrector 500a. 
Thus, the output of the phase inversion corrector 500a 
is equal to the output of the rrxxiulo 2^ counter 403a at 
the rising edges of the 2-level quantized received signal 
(no logical inversion of the most significant bit is 
effected). On the other hand, the oulpur of the phase 
inversion corrector 500a at the falling edges of the 2- 



level quantized received signal consists of the logically 
irrverted most significant bit of the nxxiulo 2^ counter 
403a combined with the least significant bits thereof. 
Thus, the output of the phase inversion corrector 500a 
is equal to the value obtained by adding numerical value 
"0* at the rising edge, and numerical value''2'*^'' at the 
falling edge, of the 2-level quantized received signal, to 
the output of the nxxiulo 2^ counter 403a. 

By limiting the constant 2N serving as the operation 
parameter in the circuit of Rg. 1 to the integer which can 
t>e expressed in the form 2^, the phase inversion cor- 
rector 500a can be implemented only by the exclusive 
OR element 503. Thus, the circuit of Fig. 7 is simplified 
compared to the circuit of Rg. 1 . 

The output of the phase inversion corrector 500a is 
supplied to the D flip-flop array 404a, which is driven by 
the differential pulse signal output from the exclusive 
OR element 402. As descrit>ed above, the differential 
pulse signal has rising edges at the rising and falling 
edges of the 2-level quantized received signal. Thus, 
the D flip-flop array 404a is driven at each rising and fall- 
ing edge of the 2-level quantized received signal. Thus, 
if the output of the D f lip^op array 404a is represented 

by ji, where ji e {0, 1 2^-1}, then \i is expressed in 

tenms of the output values Pi and P2 (Pi> P2 c {0. 1 

2^ - 1}) of the nxxiulo 2^ counter 403a at the rising and 
the falling edges, respectively: 

Thus, the following relation holds between the 
phase shift 9 of the 2-level quantized received signal 
with respect to the virtual phase refererK;e signal arxi 
the output )i of the D flip-flop array 404a: 

2jcji/2"^<p<2 7c(n + 1)/2" 

This relation shows that the output ^ of the D flip- 
flop array 404a can bs regarded as representing the rel- 
ative phase of the 2-level quantized received signal with 
respect to the virtual phase reference signal. This can 
be easily understood by reference to Rgs. 8 through 10. 

As in the case of the circuit of Rg. 1 , the D f lip4lop 
array 404a of Rg. 7 is driven by the differential pulse 
signal at the rising and the falling edges of the 2-level 
quantized received signal. Thus, the output of the D flip- 
flop array 404a representing the relative phase of the 2- 
level quantized received signal is updated twice for each 
period of the 2-level quantized received signal. The 
updating rate of the relative phase signal is thereby dou- 
bled compared to the case of Rg. 1 1 . This can be easily 
comprehended by comparing Rg. 8 with Rg. 12 and 
Rgs. 9 and 10 with Rg. 13. 

Namely, the 2-levei quantized received signal A of 
Rg. 13 and the 2-level quantized received signal of Rg. 
9 are the same. The output A of the D flip-flop array 202 
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in Fig. 13 varies from "7" to "9". while the output of the D 
flip-flop array 404a in Fig. 9 varies gradually from T* to 
"8" to '9''. Similarly, the 2-level quantized received signal 
B of Rg. 13 and the 2-level quantized received signal of 
Fig. 10 are the same. The output B of the D fEp^lop 
array 202 in Rg. 1 3 varies from "9" to "7", while the out- 
put of the D flip-flop array 404a in Rg. 10 varies gradu- 
ally from "9" to "8" to T*. The updating rate of the 
relative phase signal is doubled for the circuit of Rg. 7. 
and hence the variation of the value of the relative 
phase signal is rendered less abrupt 

The operations of the delay element 40, the sub- 
tractor 41, and teh decision circuit 42 of Rg. 7 are the 
same as ttK>se of the correspondng parts described 
akxive. 

The at>ove description relates to the case where the 
received signal is nrvxlulated in accordance with the dif- 
ferential phase shift keying (DPSK). hlowever, the priru;!- 
ple embodied in the circuit of Rg. 7 can be applied to 
MSK or GMSK modulation systems. Further, in the case 
of the above embodiment, the constant M serving as the 
operation paranfYeter of the phase detection circuit 400a 
is equal to 4 (M=4). KIcwever, the constant M may be 
any positive integer. For example, M may be five (M=5) 
or six (M=6). 

Claims 

1 . A phase detection circuit for detecting a phase shift 
of an input signal relative to a phase reference sig- 
nal, comprising: 

half-period detection means (901) for generat- 
ing. In response to said input signal, a half- 
period detection signal at each half-period of 
said input signal; 

phase reference signal generation means 
(902) for generating said phase reference sig- 
nal in response to a clock having a frequency 
not less than twice a frequency of said input 
signal; 
and 

phase shift measurement means (903), cou- 
pled to said half-period detection means (901) 
and phase reference signal generation means 
(902) and including phase inversion correction 
means (500) for correcting said phase refer- 
ence signal for a phase inversion thereof at 
each alternate half-period of said input signal, 
said phase shift measurement means (903) 
measuring and outputting a phase shift of said 
input signal with respect to said phase refer- 
ence signal at each half-period of said input 
signal, on the k>asis of said phase reference 
signal corrected by said phase inversion cor- 
rection means (500) and said half-period 
detection signal output from said half-period 
detection means (901). 



2. A phase detection circuit as claimed in daim 1, 
wherein: 

said half-period detection means (901) 

5 includes: a delay element (401) for delaying 

said input signal by a delay time shorter than 
said half-perkxi of said input signal; and a first 
exclusive OR element (402) for generating a 
logical exclusive OR of said input signal and an 

10 output of said delay element (40 1 ) ; 

said phase reference signal generation means 
(902) includes a counter (403) for counting in 
nrxxiulo 2N a clock having a frequency practi- 
cally equal to 2N times said frequency of said 

75 input signal, where N is a positive integer; 

said phase inversion correction means (500) 
adds a rtumerical value t)" or "N** in modulo 2N 
to an output of said counter (403) in response 
to said output of said delay element (401); and 

20 said phase shift measurement means (903) 

includes, in addition to said phase inverskxi 
correction means (500), a D flip^lop array 
(404) coupled to said phase inversion correc- 
tion means (500) and said first exdi^e OR 

25 element (402), said D f lip4top array (404) hold- 

ing an output of said phase inversion correction 
means (500) in response to said fogical exdu- 
sive OR output of said exdusive OR element 
(402), wherein a value held in said D flip-ffop 

30 array (404) constitutes an output of said phase 

shift measurement means (903). 

3. A phase detection drcuit as daimed in daim 2, 
wherein said phase inversion correction means 

35 (500) indudes: 

a multiplier (501) coupled to said delay element 
(401), for multiplying said output of said delay 
element (401) by N; and 
40 an adder (502) coupled to said counter (403) 

and said nultiplier (501), for adcfing an output 
of said multiplier (501) to said output of said 
counter (403) in modulo 2N. 

45 4. A phase detection drcuit as daimed in daim 2, 
v4ierein said phase inversion correction means 
indudes: 

a data selector coupled to said delay element, 
50 for selecting a numerical value "0" when said 

output of said delay element is at logical "0", 
and a numerical value "V when said output of 
said delay element is at logical T; and 
an adder coupled to said counter and said data 
55 selector, for adding an output of said data 

selector to said output of said counter in nrxxJ- 
ufo2N. 
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5. A phase detection circuit as claimed in claim 2, 
wherein said phase inversion correction means 
includes: 

logical product elenrYents coupled to said delay s 
element, for generating logical products of said 
output of said delay element and respective 
bits of a numerical value "N"; and 
an adder coipled to said counter and said log- 
ical product elements, for adding outputs of io 
said lo^cal product elements with said output 
of said counter in rrxxlulo 2N. 

6. A phase detection circuit as claimed in claim 2, 
wherein: is 

said counter (403a) counts a clock having a fre- 
quency practically equal to 2^ times said fre- 
quer)cy of said ir^ signal, where M is a 
positive integer; and 20 
said phase inversion correction means (500a) 
includes a second exclusive OR elennent (503) 
coipled to said output of said delay element 
(40 1 ) and a most significant t>it of said output of 
said counter (403a), said second exclusive OR 25 
element (503) generating a logical exclusive 
OR of said output of said delay element (401) 
and said most significant brt of said output 
ofsaid counter (403). wherein an output of said 
phase inversion corrector means (500a) con- 30 
sists of a combination of least significant bits of 
said output of said modulo 2N counter (403) 
and said logical exclusive OR output of said 
second exclusive OR element (503). 

35 

7. A differentialdetection demodulator for demodulat- 
ing a 2-level quantized received sigr^l using a 
phase reference signal having a fixed frequency 
practically equal to a frequency of said received sig- 
nal, said differential detection demodulator com- 40 
prising: 

half-period detection means (901) for generat- 
ing, in response to said received signal, a half- 
period detection signal at each haH-period of 45 
said received signal; 

phase reference signal generation means 
(902) for generating said phase reference sig- 
nal in response to a clock having a frequency 
not less than twice said frequency of said so 
received signal; 

phase shift measurement means (903), cou- 
pled to said half-period detection means (901) 
and phase reference signal generation means 
(902) and including phase inversion correction ss 
means (500) for correcting said phase refer- 
ence signal for a phase inversion thereof at 
each altemate half-period of said received sig- 



nal, said phase shift measurement means 
(903) outputting a relative phase signal repre^ 
serrting a relative phase of said received signal 
with respect to said phase reference signal at 
each half-period of said received signal, on the 
basis of said phase reference signal corrected 
by said phase inversion correction means (500) 
and said half-period detection signal output 
from said half-period detection means (901); 
a delay element (40) coupled to said phase 
shift measurement means (903), for delaying 
said relative phase signal output from said 
phase shift measurement means (903) by one 
symbol period of said received signal; and 
a subtractor (41) coupled to said phase shift 
measurement means (903) and said delay ele- 
ment (40). for subtracting an output of said 
delay element (40) form said relative phase sig- 
nal. 

8. A differential detection demodulator according to 
claim 7, wherein 

said half-period detection means (901) of said 
pfiase detection circuit includes: a delay ele- 
ment (401) for delaying said input signal by a 
delay time shorter tiian said haH-period of said 
input signal; and a first exclusive OR element 
(402) for generating a logical exclusive OR of 
said input signal and an output of said delay 
element; 

said phase reference signal generation means 
(902) includes a counter (403) for counting in 
modulo2N a ckx:k having a frequency practi- 
cally equal to 2N times said frequency of said 
input signal, where N is a positive integer; 
said phase inversion correction means (500) 
adds a numerical value "0" or "N" in modulo 2N 
to an output of said counter (403) in response 
to said output of said delay element (401); and 
said phase shift measurement means (903) 
includes, in addition to said phase inversion 
correction means (500). a D flip^lop array 
(404) coupled to said phase inversion correc- 
tion means (500) and said first exclusive OR 
element (402), said D f lip4lop array (404) hold- 
ing an output of said phase inversion correction 
means (500) in response to said logical exclu- 
sive OR output of said exclusive OR element 
(402). wherein a value held in said D flp-flop 
array (404) constitutes an output of said phase 
shift measurement means (903). 

9. A differential detection demodulator according to 
daim 7. wherein said phase inversion correction 
means (500) of said phase detection circuit 
includes: 
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a muHiplier (501) coupled to said delay element 
(401), for multiplying said output of said delay 
element (401) by N; and 
an adder (502) coupled to said counter (403) 
and said multiplier (501), for adding an output s 
of said multiplier (501) to said output of said 
counter (403) in modulo 2N. 

10. A drfferential detection demodulator according to 
daim 7, wherein said phase inversion correction io 
means of said phase detection circuit includes: 

a data selector coupled to said delay element, 
for selecting a numerical value "0" when said 
output of said delay element is at logical "0**, is 
and a numerical value "1" vvhen said output of 
said delay element is at logical "1"; and 
an adder coupled to said counter and said data 
selector, for adding an output of said data 
selector to said output of said counter in mod- 20 
ufo2N. 

11. A differential detection demodulator according to 
daim 7, wherein said phase inversion conrectfon 
means off said phase detection drcuit indudes: 25 

logical product elements coupled to said delay 
element, for generating logical products of said 
output of said delay element and respective 
bits of a numerical value "N"; and 30 
an adder coupled to said counter arxl said log- 
ical product elements, for adding outputs of 
said logical product elements with said output 
of said counter in modulo 2N. 

35 

12. A diffferential detection denxxJulator according to 
daim 7, wherein: 

said counter (403a) counts a dock having a fre- 
quency practically equal to 2^ times said fre- 40 
quency of said input signal, where M is a 
positive integer; and 

said phase inversion correction means (500a) 
includes a second exclusive OR element (503) 
coupled to said output of said delay element 45 
(401) arxi a nK)st si^iificant bit of said output of 
said counter (403), said second exdusive OR 
element (503) generating a logical exdusive 
OR of said output of said delay element (401) 
and said most significant bit of said output of so 
said counter (403), wherein an output of said 
phase inversion correction means (500a) con- 
sists of a combination of least significant bits of 
said output of said modulo 2N counter (403) 
and said logical exdusive OR output of said ss 
second exclusive OR element (503). 

1 3. A metfKxi for detecting a phase sNft of an input sig- 
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nal relative to a phase reference signal, comprising 
the steps of: 

generating, in response to said input signal, a 
half-period detection signal at each half-period 
of said input signal; 

generating said phase reference signal in 
response to a dock having a frequency not less 
than twice a frequency of said input signal; cor- 
recting said phase reference signal for a ph£^ 
inversfon thereof at each alternate half-period 
of said input signal; and 
measuring a phase shift of said input signal 
Witt) respect to said phase reference signal at 
each half-period of said input signal, on the 
basis of said corrected phase refererx^e signal 
and said half-period detection signal. 
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